The fatty acid composition of serum phospholipids of 277 persons, aged 63-97y (average 78y), was measured. Subjects had been living independently in a facility with full food service for 1y or more. Eleven saturated and unsaturated fatty acids were detected in all the subjects. Stearic acid (18:0) was positively (p=0.028) and dihomo gamma-linolenic acid (20:3 n-6) was negatively (p=0.012) related to age. Arachidonic acid (20:4 n-6) tended to decline with age (p=0.063). In addition, the oleic acid (18:1 n-9)/l8:0 ratio decreased significantly with age (p=0.024). 18:0 and total saturated fatty acids were lower, and linoleic acid (18:2 n-6) and 20:4 n-6 and n-6 fatty acids were higher in males than in females. These results suggest deficits in n-6 essential fatty acids as age advances, particularly in females.
Recent studies in experimental animals have consistently shown that conver sion of linoleic acid (18:2 n-6) to gamma-linolenic acid (18:3 n-6), which is mediated by the enzyme delta-6-desaturase and is the rate-limiting step of n-6 essential fatty acid (EFA) metabolism, is lowered as the animal's age advances (1 -3). However, no evidence yet exists about this in humans, in part due to difficulty in providing constant dietary conditions. Although EFA metabolism is affected by hormonal (insulin, glucagon, etc.) and dietary (protein, caloric restriction, etc.) factors, the fatty acid content of the diet is a major determinant of fatty acid composition of the blood (4, 5), especially for those fatty acids actually found in the diet. While linoleic acid alone (the parent fatty acid of the n-6 EFAs) can be provided in the diet of experimental animals, it is almost impossible to do this in humans, as omnivores and meat eaters acquire a good deal of arachidonic acid (20: 4 n-6, the main metabolite of n-6 EFAs) and other EFAs, as well as linoleic acid, in their food. This may be an important factor which contributes to differences between human studies and animal experiments. A desirable approach when examining changes of EFAs with age would be to obtain blood samples from people living in a facility with a food service and who are thus all taking approximately the same diet. We had the opportunity to carry out this kind of clinical study in an institutionalized population containing individuals over a wide age range . 
RESULTS
The fatty acid compositions of males and females are shown in Table 2 , with each sex divided into 5 groups according to age (60 to 69, 70 to 74, 75 to 79, 80 to 84 and over 85 years old). There were substantial sex differences:stearic acid (18: 0) was lower and linoleic acid and arachidonic acid were significantly higher in males than in females in each age group with few exceptions. In addition, the total of saturated fatty acids (14:0+16:0+18:0) was significantly lower in males than in females except for the 60-to 69-year-old group, while that of n-6 unsaturated fatty acids (18:2+18:3+20:2+20:3+20:4+22:4+22:5) was significantly higher in males than in females in all the age groups. However, there was no consistent gender difference with regard to the n-3 fatty acids.
Correlations between age and proportions of 11 saturated and unsaturated fatty acids were computed. Stearic acid showed a significant positive correlation (Fig. 1) , and dihomo-gamma-linolenic acid (20:3 n-6) showed a significant nega tive correlation (Fig. 2) . Although arachidonic acid showed a trend of decline with age (p=0.063), there were no significant relationships for the other fatty acids. Correlations between age and the ratio of oleic acid to stearic acid were also calculated and reached statistical significance (p=0.024). Ratios of post-delta-6 -desaturase n-6 fatty acids (18:3+20:3+20:4+22:4+22:5) to linoleic acid and post-delta-6-desaturase n-3 fatty acids (20:5+22:5+22:6) to alfa-linolenic acid (18:3 n-3) did not change as age advanced. 
DISCUSSION
The present study indicates changes of fatty acid composition as age progresses and also with sex in clearly defined dietary conditions: (1) all the subjects were institutionalized and had been provided with a full food service for at least 1y; and (2) fat composition and cholesterol content (Table 1) are at the same levels as those of the 1960s Japanese diet (8) and were well within the guidelines for healthy adults in the United States (6). Although the subjects were limited to elderly people, all of whom did not take all their meals in the institution, the age range was relatively wide (63 to 97 years old) and the nutritional intake as constant as is ever likely to be obtained. In a study of individuals from 0 to 90 years old, but without dietary control , Holman et al. reported that total serum lipid unsaturation was significantly higher in males than in females (9) . However, no individual fatty acid showed a statis tically significant difference between the sexes. Another study of healthy volunteers also showed no sex difference (7) . In contrast, the present study clearly indicated that stearic acid and total saturated fatty acids are lower and linoleic acid, arachidonic acid, and total n-6 fatty acids are higher in elderly Japanese males than in females; these results were consistently shown in all the age groups with few exceptions and seem to be in disagreement with studies in experimental animals (10 , 11) . Female rats are less sensitive to EFA deficiency than male rats and maintain higher concentrations of linoleic acid in adipose tissue (10) . Reduction of post delta-6-desaturase products by dietary cholesterol administration is significantly greater in male rats than in females (11) . Thus considerable caution is required when extrapolating to humans results of male-female difference of EFAs metabo lism obtained in experimental animals.
It has been hypothesized that in humans levels of dihomo-gamma-linolenic acid may decline with aging primarily because of reduced delta-6-desaturase activity (12) . Although arachidonic acid is also a metabolite of linoleic acid, it is less likely to decline with aging as omnivore humans obtain important amounts of arachidonic acid in the diet from meat (13) and fish. Gamma-linolenic acid, the immediate delta-6-desaturase metabolite of linoleic acid, is found in plasma only in small amounts because it is easily elongated to dihomo-gamma-linoleic acid. Consequently, a deficiency of EFAs with aging is likely to appear as a decline of dihomo-gamma-linolenic acid rather than arachidonic acid (Fig. 4) . As our preliminary data showed age-related reduction of levels of plasma total phospho lipids, deficiency of dihomo-gamma-linolenic acid is expected to be much greater (data not shown). Dihomo-gamma-linolenic acid deficiency with age may directly cause reduc tions of levels of prostaglandin E 1 and of 15-hydroxy-dihomo-gamma-linolenic acid (14) , which possess important actions on the cardiovascular system and on in fl ammation (15) . According to the statistics in Japan, the predominant cause of death over 80y is cardiovascular disease and the peak ages of morbidity from rheumatoid arthritis and asthma are 75-79y and 80-84y, respectively (16, 17) .
Wood et al. reported low levels of dihomo-gamma-linolenic acid in adipose tissue in men with new coronary heart disease (18) . In a prospective study, low dihomo gamma-linolenic acid levels in cholesterol esters, triglycerides, and phospholipids also seem to be associated with a risk of stroke (19) , which is a high prevalent vascular disorder in Japan (16) . Eskimos, who have a very low prevalence of cardiovascular disease, rheumatoid arthritis, and asthma, indicate unusually high concentrations of this fatty acid in plasma (20) . This suggests a relationship between age-dependent pathological conditions and dihomo-gamma-linolenic acid deficiency (12) . The decrease of the oleic acid/stearic acid ratio with age may be due to an increase of stearic acid (Fig. 1) , possibly due to decrease in the aging process of delta-9-desaturase, which converts stearic acid to oleic acid. This enzyme is activated in the EFAs' deficient states and triggers the production of eicosatrienoic acid (20:3 n-9) (21).
Thus, these age-related changes of fatty acids (at least at ages 60y and over) lead to a decrease of total unsaturation products, which may directly or indirectly through alterations of cholesterol metabolism (22) 
